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Three historic lines of accelerators

Criess &1 EPP

Direct Voltage Accelerators Resonant Accelerators

1924: Wideroe invents the betatron
1940: Kerst and Serber build a betatron for 2.3MeV
understand betatron (transverse) focusing (in 1942:

main coil correcting coil

Transformer Accelerator

electrons and
20MeV)

iron yoke

Betatron:
R=const, B=B(t)
Whereas for a cyclotron:

R(t), B=const

No acceleration section is
needed since
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Condition: R =

— t N R
P (1) = const. given §Ed§ = —”iB-dEi
gB,(R,1) 3 P

E,(Rt)=—5 LB (rt)rdrdg = —§<%BZ>
L p,(t)=qE,(R,H)=—q2(LB )

p,(1)=p,(0)—gL[(B,)t)—(B,)(0)]=—RqB_(R,)

B_(R,t)-B_(R,0) = %[<BZ>(t) —(B_}(0)]

Small deviations from this condition lead to transverse beam oscillations called
betatron oscillations in all accelerators.

Today: Betatrons with typically about 20MeV for medical applications
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The Synchrotron

1945: Veksler (UDSSR) and McMillan (USA) invent the synchrotron
1946: Goward and Barnes build the first synchrotron (using a betatron magnet)
1949: Wilson et al. at Cornell are first to store beam in a synchrotron

(later 300MeV, magnet of 80 Tons)
1949: McMillan builds a 320MeV electron

» Many smaller magnets instead of
one large magnet

» Only one acceleration section is
needed, with
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